Abstract Social and economic disadvantage is associated with general poor physical health. This relationship has been recognised for centuries, but it is unknown whether socioeconomic factors have a specific influence on low back pain (LBP). Furthermore, it is unknown how social and economic disadvantages in youth affect adult health. Therefore, the specific objectives of this study are to explore (1) the cross-sectional association between socioeconomic status (SES) and LBP in adolescence and (2) the longitudinal association between SES in adolescence and LBP in early adulthood. A database containing LBP data from 4,771 twins was merged with their parents' social and economic data, available from Statistics Denmark. Low back pain data ['any low back pain' and 'persistent low back pain (more than 30 days)'] were collected in 1994, when the subjects were 12-18 years of age, and collected again eight years later. Socioeconomic data of the parents (education, income, social class and long-term illness, all for both mother and father) were collected in 1994. Logistic regression analyses were used to estimate the associations between each parameter of parental SES in adolescence and LBP at baseline as well as at follow-up. Finally, the influence of a variable combining the different socioeconomic parameters was established. All estimates were controlled for smoking, alcohol consumption and body mass index at baseline. In the logistic regression models, only three of the 32 estimates were statistically significant. When merging the socioeconomic variables into a combined score, the results indicated that a good social background had a protective effect against the persistent LBP, while there was no association with any LBP. However, the statistical significance of this effect was unclear. We found no or very weak indications of possible relationships between social factors in adolescence and LBP at baseline and at follow-up.
reviews have concluded that socioeconomic status (SES) has a profound influence on health [3] [4] [5] . Despite the ample evidence of associations between SES and health, relations to a specific disease, not investigated specifically, cannot be taken for granted. Specifically for back pain, there is conflicting evidence with regard to a possible association to SES in both adulthood [6] [7] [8] [9] and childhood/adolescence [10] [11] [12] .
With regard to the influence of SES in adolescence on adult health, there are several studies demonstrating associations between low SES in childhood and poor adult health, amongst others cardiovascular health [13] [14] [15] , dental health [15] , self-rated health [16] and mental health [17] . We are not aware of any longitudinal studies investigating the specific association between SES in childhood or adolescence and adult back pain.
In this field of research, there is a lack of consensus about measuring social and economic disadvantage and the validity of these variables is often questionable. SES is an aggregate concept based on one's level of resources or prestige in relation to that of others. In research concerning health, the most commonly used indicators of SES are based on educational attainment, occupational prestige and income. These indicators are interrelated, but may influence health through disparate pathways [18] and may also affect various domains of health in different ways. Therefore, it should be attempted to examine how the multiple levels of SES interrelate and affect health. There are, however, several problems related to this. Self-reported income is prone to missing or distorted responses, and occupational measures are changeable, and furthermore cannot be used for individuals who are retired, unemployed or not working for other reasons. Education is more reliable as people are usually both willing and able to report their educational level accurately and it rarely changes much after the late twenties.
The present study aims to overcome some of the above-mentioned shortcomings by estimating diseasespecific associations and utilising detailed high-quality socioeconomic data in a longitudinal design from childhood into adulthood. In Denmark, a valid objective data about income, occupation, education and social class can be obtained through Statistics Denmark (www.dst.dk). All person-data are recorded with a personal identification number from the Danish Civil Registration system, which allows for linkage between different databases, both at individual and family level. We will link these data to back pain data collected by questionnaires in a large cohort of Danish adolescent twins who were re-evaluated as adults. The specific objectives are to explore (1) the cross-sectional association between SES and low back pain (LBP) in adolescence and (2) the prospective association between SES in adolescence and LBP in early adulthood.
Materials

Data sources
The Danish twin register is the most comprehensive population-based twin register in the world, spanning a period of more than 100 years. The twins of interest for this study were born between 1972 and 1982. They were identified through the Danish civil registration system and represent 95% of the twins and 1.6% of all children born during that period. In Denmark, the majority of adolescents at 18 years of age and above have left home. Therefore, the sample was reduced to include only persons under the age of 18 and living with their parent(s). Twins can be regarded representative of the general population, since they have been shown previously to have the same mortality rate [19] and the same prevalence of various diseases as the population at large, e.g. insulin-dependent diabetes [20] , hand eczema [21] , asthma [22] , allergic rhinitis [22] and LBP [23] . The database is described in detail elsewhere [24] . Since the population can be regarded representative of the general population, the register provides a valuable population-based study cohort for various purposes. The fact that the study subjects are twins is of no interest in the present study. In 1994, when the participants were 12-22 years, comprehensive questionnaires were sent to those who had agreed previously to participate in future studies (96%). The questionnaires contained items relating to disease, health and health-related behaviour. Similar questionnaires were sent to the same population in 2002, when they were 20-30 years of age. The outcome variable of interest for this paper was the total number of days with LBP during the past year. The exact wording of the question was ''How many days have you altogether had trouble with the lower part of your back during the past year?'' The possibilities for answering were ''0 days'', ''1-7 days'', ''8-30 days'', ''more than 30 days, but not daily'' or ''daily''. Furthermore, the question: ''Have you ever had trouble with the lower part of your back?'' was used for validation purposes.
Validation
The questions regarding LBP were modelled on the Nordic Back Pain Questionnaire [25] , which has been validated previously [26] . The reliability of LBP questions during the year 1994-to 2002-omnibus has previously been considered satisfactory through identification of logical errors [27, 28] .
Variables
Dependent variables
• 'Persistent LBP' was defined LBP for more than 30 days during the previous year.
• 'Any LBP' was defined LBP for at least one day during the previous year.
Independent variables
All the independent variables were collected at baseline (1994). The proxy measures for SES were total income before tax, education, social class and income substitution benefits. Death of a parent might be an important variable, but this information was not available. The SES variables were measured at only one point in time (1994) . Although people might change environment during life, we did not consider this to be a problem due to the size of our cohort and the age of the children (Danish people with children aged 12-18 are usually in a rather stable life phase).
The SES measures were registered from the Statistics Denmark for the adult male and the adult female in the household. These could be the biological parents, adoptive parents or one biological parent and his/hers partner. For clarity of the text, they were all called mother and father in the rest of the article. The SES variables were categorised as shown in Table 1 . Lifestyle factors have been suspected previously for influencing health in a negative way. However, the interrelations between these lifestyle factors and SES are unclear and thus, lifestyle factors might be proxy measures for SES or vice versa. Therefore, the lifestyle factors available in the dataset at baseline were included in the analyses. These were tobacco smoking (yes/no), alcohol consumption (yes/no) and body mass index (continuous).
Methods
Representativeness
Responders and non-responders at follow-up were compared with regard to age, gender, socioeconomic factors and LBP status at baseline.
Missing values
Owing to the inclusion of eight independent variables on the parents in some of the models, the issue of missing data had to be dealt with to avoid a seriously reduced dataset. For this purpose, if the value of one variable was missing for one of the parents, this value was imputed on the basis of the value of the other variables for the same parent (conditional mean imputation). If one parent was completely missing, the missing values were imputed based on the values of the present parent to allow single-parent families as well as families with both parents in the models. Since the parents' data were register-based, the missing data were missing due to administrative procedures rather than the individual's ability/will to respond. Therefore, imputation of missing values was unlikely to bias the results.
Correlation between dependent variables
All the independent variables were tested for correlation to avoid problems with colinearity.
Associations between independent and dependent variables
The associations between all the SES variables and the outcome variables were estimated through bivariate For the purpose of interpretation, all variables were categorised with higher values indicating higher SES logistic regression analyses. Multiple logistics regression analyses were then performed for all the outcome variables in a model including all the SES variables. This was repeated including the three lifestyle factors. In the regression analyses, the explanatory variables were treated as continuous variables except long-term illness, which was dichotome (all as reported in Table 1 ). Thus, the odds ratios represented the decrease or increase in odds for each increase in category. All estimates were reported as odds ratios with 95% confidence intervals.
Creating one combined, disease-specific, weighted score for socioeconomic status Part of the aim was to evaluate the combined influence of the SES variables on LBP. To achieve this, two procedures were performed. The first step was to capture the influence of the SES variables on each outcome variable via a combined SES score. For each outcome variable, a multiple logistic regression analysis was performed including all the SES and lifestyle variables. The regression coefficient for each variable was divided by the sum of all the coefficients to estimate the proportional importance of each variable. The combined SES score was then estimated by the sum of all the regression coefficients multiplied with their proportional value. Then, the combined SES score was entered into a logistic regression model with the lifestyle factors for each outcome variable. The effect estimates have been reported, but no inference results given from this model. Because the combined score was constructed from the values belonging to this dataset, the inference results would be overoptimistic. The second step was to evaluate the significance of the entire set of SES variables. For this purpose, we performed a likelihood ratio test between the model containing all the SES variables as well as the lifestyle variables and the model with only the lifestyle variables. Then, we calculated the significance of the difference of the estimates with and without the SES variables in the model. All analyses were done using STATA 8.0 statistical software package. A significance level of 5% was used throughout the analyses.
Results
Description of cohort
In 1994, the overall response rate was 84% of which 98% answered the LBP questions, resulting in 9,569 participants, 4,854 of these being under the age of 18. Eightythree of these had left home and were excluded leaving 4,771 individuals for the cross-sectional analyses. Of these, 68% answered the question regarding number of days with LBP in 2002, leaving 3,245 individuals for longitudinal analyses.
In 1994, the mean age of this part of the cohort was 14.58 years (SD = 1.69, range 12-17) and the male/female ratio was 50/50. The distribution of the independent variables in relation to LBP is shown in Table 2 .
All baseline register-data about SES were missing from 698 fathers (single mother families) and from 94 mothers (single father families). In addition, there were some missing answers to individual items for administrative reasons. The number of answers for each item is shown in Table 2 .
Representativeness
As seen in Table 2 , there was a similar age-distribution amongst responders at baseline and follow-up but a higher proportion of females at follow-up. Furthermore, the parents of the responders at follow-up were of higher social class, had a higher income, were better educated and received less income compensation benefits, all with a small, but statistically significant, difference in favour of the parents to the responders. At follow-up, there was an over-representation of individuals with any LBP in 1994 (p = 0.007), whereas the distribution of persistent LBP in 1994 was similar amongst responders and non-responders.
Correlation between dependent variables
All two-by-two combinations of the SES variables were tested for correlation and found to have a correlation coefficient below 0.80, and thus perfect colinearity was not an issue. Therefore, all the variables were included in the multivariate analyses.
Associations between dependent and independent variables
Bivariate analyses of the associations between the SES variables and all the outcome variables showed no statistically significant associations for 'any LBP', but three statistically significant associations were found for persistent LBP in 1994: father's social class (odds ratio 0.87; 95% confidence interval 0.77-0.98), father's education Table 3 .
Only three of the 32 fully adjusted estimates in Table 3 were statistically significant. However, the estimates were slightly stronger (smaller odds ratios-stronger negative associations) for persistent LBP than for any LBP, especially for the estimates at follow-up.
Creating one combined, disease-specific, weighted score for socioeconomic status When collapsing the SES variables into a combined score through the two steps described in the ''Methods'' section, we obtained an approximation of the total influence of the SES factors investigated. The results of the multiple logistic regression analyses indicated that a good social background has a protective effect against persistent LBP, while there was no association with any LBP. However, using this method, the strength of the association could not be determined, since the combined SES variable was based upon other variables with four different units. Thus, it could be estimated whether there was an influence on LBP or not, but the individual values obtained could not be rationally interpreted. When testing the statistical significance of the total influence of the SES variables by comparing the models with and without these variables, none of the differences were The percentages represent the proportion of the LBP-group whose parents have the given characteristics unless otherwise stated in the first column a The generally lower number of responses from fathers is due to an overweight of single mothers. There were 698 single mothers and only 94 single fathers found to be statistically significant. Results are shown in Table 4 .
Discussion
Altogether, only three of the adjusted estimates for the association between the eight independent and the four dependent variables were statistically significant. This might be due to chance, considering the 5% significance level. However, when creating one combined variable for all the SES variables, a good socioeconomic background seemed to protect against persistent LBP, but not against a more general definition of LBP. It should be noted, that the difference between the association to persistent and non-persistent LBP was larger than the difference shown in this study, since persistent LBP was included with nonpersistent in the general LBP variable. This possible protective effect seemed to be more significant at followup. This could be due to a possible latency period for the appearance of LBP or it might be due to the later occupation of the children. SES tends to be stable across generations of family members [4, 17] ; thus, children growing up in the higher social classes are more likely to get an academic education and thereby a less physically demanding job as adults. Hence, a higher prevalence of persistent LBP in children from less favourable socioeconomic environments might be partly due to heavy work in adulthood rather than a direct association to socioeconomic status in childhood. The analysis of non-responders indicated that more children from advantageous background with LBP at baseline answered the questionnaire. Since the results pointed towards a slight protective effect of a good social environment, this could have weakened our results, i.e. the real associations may be stronger than our estimates. However, because the differences between responders and non-responders were small, it was not likely that this skewness was of any large importance.
The confounding effect of the three measured lifestyle factors was surprisingly small. This was illustrated by a very small difference between the estimates from the models with lifestyle factors included and those without (data not shown, available on request). Thus, although SES and lifestyle are connected, they seem to act independently if at all, on the development of LBP. It was our hope that this study would reveal a few variables, which could be representative for the total SES, to be used in future studies as indicator variables rather than using a whole array of variables. However, adding or removing variables from the models, did not change the estimates to any noteworthy extent. Therefore, the various components, which combine to create the socioeconomic background of a child, all turned out to have some individual importance-as far as they have any importance at all. To estimate the importance of SES, several components probably need to be considered in combination. Unfortunately, this has rarely been done, often due to poor validity and/or availability of data. This might explain part of the inconsistency of the previous literature. Another explanation might be differences in outcome measures. Various subgroups of LBP might be influenced differently by SES. Since our cohort showed SES to be borderline associated with persistent LBP but not with the variable 'any LBP', any influence might act on the ability to recover rather than the susceptibility to disease.
Besides the large size of our cohort, this study had two major strengths: (1) The high quality and the objective nature of the socioeconomic data and (2) the prospective design, where the children were followed into adulthood. A possible weakness of this study was the non-specific nature of the LBP variable. Since LBP is multifaceted and multifactorial in nature, the influence of SES might vary between different types of LBP. Indeed, our results indicated that this could be the case, as the estimates were stronger for persistent than for general LBP.
Conclusion
Cross-sectionally, the only statistically significant finding is a negative association between father's education and 'persistent LBP' in 1994. Prospectively, father's long-term illness has a statistically significant, negative association with both 'any LBP' and 'persistent LBP'. All in all, we find no or very weak indications of possible relationships between LBP and social factors in adolescence.
